Infection with mycobacterial species, including
Infection with mycobacterial species, including Mycobacterium tuberculosis, has long been implicated in the etiopathology of rheumatoid arthritis (RA) on the basis of clinical and pathological similarities between tuberculosis and RA. Despite evidence of immune responses to mycobacterial antigens in RA patient synovial fluid, cross-reactivity between these and host joint antigens, and the presence of M. tuberculosis protein antigen in RA synovial fluid, a definite causal association with RA has not been shown. Previous studies from our laboratory using reverse transcriptase PCR (RT-PCR) of bacterial rRNAs have shown RA synovium to be colonized by a diverse range of bacteria, most of commensal origin. However, M. tuberculosis group organism (MTG) RNA sequences were found in one RA patient tissue. Since this was considered of sufficient interest to warrant further investigation, we devised a M. tuberculosis-specific nested RT-PCR test which could be used for detection of MTG in a mixed pool of bacterial crDNAs. This test was used to investigate the distribution of MTG in RA synovial tissue and also non-RA arthritis and healthy control tissues and was also used to examine the tissue distribution of MTG in an acute and chronic model of M. tuberculosis infection in the BALB/c mouse. MTG sequences were found in a high proportion of RA patient synovial tissues but also in non-RA arthritis control tissues at lower frequency. This likely reflects trafficking of persistent M. bovis BCG to inflamed joint tissue, irrespective of cause. MTG were not found in healthy synovial tissue or the tissue of patients with undifferentiated arthritis. In both the acute and chronic models of infection in BALB/c mice, M. tuberculosis was also found to have trafficked to joint tissues, however, no signs of inflammation, arthritis, or pathology associated with M. tuberculosis infection was seen. These combined results would argue against a specific causal role of MTG in RA-like arthritis; however, their role as adjuvant in immune dysfunction in an innately susceptible host cannot be excluded.
Rheumatoid arthritis (RA) is a complex, multifactorial disease in which innate susceptibility factors play a substantial role (36) . However, heritable factors can account for only part of disease susceptibility, and onset of RA has long been thought to be triggered by exposure to some environmental agent. Prime candidates for this role are bacterial infectious agents, and great interest has been taken over the years in their possible role in disease onset (3, 6, 32) . Their causative link with inflammatory arthritis is controversial, as early studies which sought to establish an association between disease pathology and the diverse range of bacterial species which have been isolated from diseased joints, using conventional culture methods, were unable to do so (22, 62) . A number of different studies identified in RA joint material a variety of bacterial species which could not be directly associated with disease pathology, thus negating a simple, single-pathogen role for involvement of bacteria in RA. However, inflammatory arthritis can be elicited by infection with a variety of bacterial and viral species in animal models (19) , and it is possible that more than one organism is involved in human disease, especially given the heterogeneous nature of RA and the variation in disease severity between individuals.
With the advent of more sensitive molecular techniques for the detection of bacteria in disease tissue (50) , interest has again been revived in investigating the possibility of an infectious etiology for RA. Work from our laboratory has shown the presence of possibly live bacteria in the joints of patients with a variety of different arthropathies, using reverse transcriptase PCR (RT-PCR) for amplification of bacterial rRNAs (28) . Detailed sequencing analyses of the amplified products has shown the picture to be considerably more complex that was once thought, with the detection of multiple bacterial species in each patient. These studies have been supported by those from Wilbrink and coworkers (66) and other groups (68) , who have also shown that synovial tissue and fluid from patients with a number of different types of arthritis contain bacterial nucleic acids, sequence analyses again showing the presence of multiple organisms. Similar studies have also shown the pres-ence of bacterial polysaccharide antigen (41) in RA synovial tissue and unidentified bacillus-like organisms in RA synovial explant cultures (39) . Thus, evidence of live bacteria and of their nucleic acids and antigens have been found in RA synovial tissue and fluid, all of which could contribute to disease pathology. Whether bacteria and their products are instrumental in the onset or chronicity of RA remains unknown, but these studies would certainly suggest that arthritis joint material is not sterile, as thought previously.
The presence of multiple bacterial species in the tissues of patients with RA, but also patients with other arthropathies, has called into question the involvement of these organisms in the underlying pathological processes and has implied general colonization as a consequence of the compromise of chronically diseased and inflamed tissue (28) . Many of the bacterial species detected were commensal organisms with low pathogenic potential, which presumably had trafficked from other body sites. Very few organisms of known pathogenic potential other than opportunistic pathogens, e.g., Staphylococcus epidermidis, were detected. However, in one RA patient we detected the presence of crDNA sequences from Mycobacterium tuberculosis group organisms (MTG) at low frequency, 2 of 48 clones sequenced in a mixed pool of bacterial crDNAs (4%). In addition to our own studies where we have detected a number of mycobacterial species in patients with arthritis including MTG, Wilbrink and coworkers have uncovered evidence of other mycobacteria in the synovial fluid of RA patients by mycobacterial species-specific nested PCR (63) . Similar studies by Wu and coworkers have uncovered evidence of M. tuberculosis protein antigen in RA synovial fluid (69, 70) . Thus, RA synovial tissue and fluid in addition to the other organisms identified contain mycobacterial species, some of which, e.g., MTG, have known pathogenic potential.
The detection of MTG was therefore thought to be of sufficient interest to warrant further investigation, as mycobacteria in general and M. tuberculosis in particular have long been postulated to be involved in the etiopathogenesis of RA on the basis of clinical and pathological similarities with tuberculosis (27, 34, 55, 56) . However, previous studies to investigate the possible presence of mycobacteria including MTG by PCR for genomic DNA had been unsuccessful (24, 48) . We thought that these negative results may have been due to low abundance of target bacterial DNA sequences, as we had also found certain bacterial sequences including MTG at low frequency.
From our previous studies, we proposed that RT-PCR of bacterial RNA is more sensitive than PCR of bacterial genomic DNA in the detection of bacterial nucleic acids in disease tissue. Enhanced detection of species-specific sequences at low abundance in a mixed pool can be facilitated by combination of universal RT-PCR and species-specific nested PCR. This has been used previously to great effect in the detection of Yersinia spp. in a patient with known Yersinia-mediated reactive arthritis (ReA) (18) . We therefore used this adaptation of RT-PCR using universal oligonucleotide primers to bacterial rRNA and MTG species-specific, nested primers to investigate the prevalence of this group of organisms in the synovial tissue of three cohorts of patients with late-and early-stage RA or other forms of arthritis and in healthy controls. These studies have shown MTG organisms to be present in the tissues of patients with a number of different arthritides; however, although there appears to be trafficking of these organisms to inflamed joint tissue, there is no apparent specific association with RA.
We also used this technique to follow the in vivo tissue location of MTG in an acute and chronic model of M. tuberculosis infection in the BALB/c mouse to ascertain whether MTG are able to traffic to tissues other than those which exhibit signs of overt M. tuberculosis disease. MTG were found to have trafficked to joint tissue both in an acute and a chronic model of M. tuberculosis infection. However, the presence of M. tuberculosis in joint tissue did not appear to lead to inflammation or the development of arthritis disease pathology in this mouse model, perhaps implying no ability of this organism to cause disease in these tissues. These combined results would suggest that the presence of MTG in human and mouse joint tissue does not appear to be of significance in the primary etiopathology of inflammatory arthritis, although their role as adjuvant in the potentiation of immune dysfunction in RA cannot be excluded.
MATERIALS AND METHODS

Materials.
All general chemicals were purchased from Sigma-Aldrich Co. Ltd., Poole, Dorset, England. Media constituents were provided by Oxoid Ltd., Basingstoke, Hampshire, England. A Hybaid Ribolyser kit was purchased from Hybaid Teddington, Middlesex, England. Amplitaq Taq polymerase and buffers were supplied by Perkin-Elmer, Warrington, Cheshire, England. Superscript II reverse transcriptase and all oligonucleotide primers were purchased from GibcoBRL Life Technologies, Paisley, Scotland. Deoxyribonucleosides were purchased from Roche Diagnostics, Lewes, Sussex, England.
Growth of mycobacterial species and isolation of mycobacterial DNA. All mycobacterial strains (Table 1) were grown on Dubos medium plus supplements (16) with the exception of M. smegmatis, which was grown on Lab-Lemco broth (pH 7.4) containing 0.3% (wt/vol) Lab-Lemco powder and 0.5% (wt/vol) peptone (Oxoid). These were incubated at 37°C, without shaking, for 7 to 21 days, according to the growth rate of the species. DNA was extracted from washed mycobacterial cell pellets recovered by centrifugation, using the guanidinium hydrochloride extraction method (25) , according to the published procedure. After recovery by ethanol precipitation, mycobacterial DNA pellets were dried and then dissolved in Tris-Cl buffer containing 0.1 mM EDTA prior to use.
Acute and chronic M. tuberculosis infection models of BALB/c mice. To ascertain (i) the potential of M. tuberculosis to traffic to joint tissue and (ii) the technical feasibility of MTG-specific PCR to detect live organisms in infected tissue samples, a BALB/c mouse model of acute and chronic M. tuberculosis infection was established. Tissues from infected mice were then assayed for the presence of MTG by nested, specific RT-PCR and also by conventional bacteriological staining. Female BALB/c mice (weighing approximately 20 g, Charles River) were maintained in isolators under ACDP category 3 conditions. These were infected intravenously with 200-l volumes of M. tuberculosis (H37Rv) which had been prepared to the appropriate dilution (Table 2 ) from stocks stored at Ϫ80°C. To achieve a long-term (118-day) chronic infection a challenge concentration of approximately 4 ϫ 10 4 CFU was administered to each mouse. To establish a more acute infection, we used a higher challenge level (approximately 5 ϫ 10 6 CFU) for which the survival time was between 28 and 40 days. Mice with either chronic (day 118) or acute (28-day) infections were sacrificed by cervical dislocation; tissues were then removed aseptically for RT-PCR and histological analyses. After debridement of external tissue from excised joints, all tissues were either (i) processed for RNA extraction by being placed immediately into 500 l of guanidinium isothiocyanate extraction buffer (GIEB) medium and then stored at Ϫ80°C or (ii) fixed in 10% neutral buffered formalin for histological evaluation. After fixation, the joints were decalcified in EDTA, processed to paraffin, sectioned at 4 m, and stained with hematoxylin and eosin or ZiehlNeelson acid fuschin. All samples were examined microscopically using a Leica DM Research microscope and were scored for inflammation, granuloma formation, and the presence of acid-fast bacteria. A total of 11 joints from five chronically infected mice and 13 joints from five acutely infected mice were collected along with uninfected joints, eight control joints from three uninfected mice. In addition, lung and spleen tissues from one uninfected and one acutely infected mouse were removed for use as positive controls (Table 2) .
Tissue handling and RNA isolation. RA, osteoarthritis (OA), and other disease (undifferentiated arthritis [UA]) synovial tissue specimens were collected with patient consent at surgery for joint replacement with a few exceptions: in cohort 1, the RA patient 2 specimen, which was obtained by needle biopsy, and OA patient 20 specimen, which was tissue removed at first metatarsal phalangeal surgery. Healthy synovial tissues were collected from patients 22 and 23 by needle biopsy and from patient 21 at arthroscopy for unexplained knee pain, (clinical details of patients in cohort 1 are given in Table 3 ). Healthy controls were not age and sex matched to the RA patient group; however, the trauma specimens were unlikely to have features of joint disease pathology in common with arthritis patients of many years duration. Full microbiological analyses of patients from cohort 1 have been published in detail elsewhere (28) . Synovial tissue was obtained in cohort 2 patients with from late-stage RA and OA, plus patient controls with arthritis due to other causes (Table 4) , either at surgery for joint replacement, from power tool washings for debridement of inflamed synovium, or by arthroscopic biopsy. Conditions of all late-stage RA patients according to the American College of Rheumatology criteria (5) were classified as late-stage disease, i.e., disease of many year's duration with joint destruction requiring arthroplasty. Synovial tissues from patients in cohort 3 (Table 5) with early RA or reactive arthritis (ReA), i.e., categorized as having disease of less than 1 year's duration, were obtained with permission by needle biopsy.
Resected synovial tissue samples collected at surgery were immediately frozen on dry ice and then stored at Ϫ80°C prior to use. Total RNA was isolated from late-and early-stage RA, OA, and ReA synovial tissue and from control and mouse tissues using a modification of the Hybaid RiboLyser, guanidinium isothiocyanate-acid phenol extraction method, in which buffer A was substituted with fresh GIEB (38) . In short, approximately 0.1 g of tissue was thawed in 500 l of GIEB, chopped finely (mouse joint material excepted, due to the high bone content), and then extracted by shear lysis in the presence of 500 l of phenol (pH 4.0) and 100 l of chloroform isoamyl alcohol in a Hybaid Ribolyser, according to the manufacturer's instructions. Total RNA was recovered by precipitation with 2-propanol, dried, and then dissolved in diethyl pyrocarbonatetreated water containing 0.1 mM EDTA. Bacterial RNAs were recovered from washed Escherichia coli and M. tuberculosis cell pellets, using the same protocol with minor modifications based on the protocol of Mangan and coworkers, i.e., Divolab (pH 4.0) added to 1% to GIEB prior to shear lysis (37) .
Specific detection of MTG by rDNA-specific PCR of mycobacterial DNAs. rDNA fragments were amplified from mycobacterial genomic DNAs by PCR amplification using universal, bacterial rRNA-specific oligonucleotide primers R1 and R2 (i.e., PCR1; all oligonucleotide sequences are given in Table 6 ). Genomic DNA (5 fg) was used as template in a PCR mix containing 1ϫ Amplitaq PCR buffer, 0.2 M deoxynucleoside triphosphates (dNTPs), 0.2 M PCR primers R1 and R2, 1.5 mM MgCl 2 , and 2.5 U of Amplitaq Taq polymerase. Amplication was performed as follows: 94°C for 4 min, followed by 30 cycles of 58°C for 1 min, 72°C for 3 min, and 94°C for 1 min. MTG-specific nested PCR (PCR2) was then performed on amplified bacterial rDNA fragments by the following means. One microliter of the PCR1 product was used as the template in a PCR mix containing 1 ϫ Amplitaq PCR buffer, 0.2 M dNTPs, 0.2 M PCR primers TB1 and TB2, 1.5 mM MgCl 2 and 2.5 U of Amplitaq Taq polymerase. The amplification program consisted of 94°C for 4 min, followed by 30 cycles of 72°C for 3 min and 94°C for 1 min. All PCR products were visualized by electrophoresis on a 2% agarose gel.
Amplification of bacterial crDNAs and M. tuberculosis-specific nested PCR of mouse and human tissue RNA by Reverse T-PCR. Arthritis and control tissue and bacterial RNAs were reverse transcribed by the same method in 4 l of buffer containing 50 mM Tris-Cl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 , 40 M dNTPs, approximately 25 to 100 ng of RNA, and 20 M primer R2. This mixture was heated to 65°C for 1 min and then cooled to room temperature for 3 min; 200 U of Superscript reverse transcriptase was added, and the mix was incubated at 37°C for 1 h. The reaction was stopped by incubation at 65°C for 10 min. General bacterial ribosomal crDNA fragments were amplified from total cDNA by the procedure outlined above for PCR1 of DNA templates; MTG-specific nested PCR2 was then performed on RNA-derived, PCR1-amplified crDNA fragments as outlined above. Amplified MTG-specific products from human tissue samples and bacterial RNAs were confirmed, either by Southern blotting using established techniques (38) and hybridization using 32 P-labeled, gel-purified M. tuberculosis-specific PCR2 fragment or by gel purification and sequencing.
RESULTS
Specific detection of MTG from closely related bacteria by nested PCR. MTG could be distinguished from closely related bacteria (a total of 25 other species and substrains) by nested PCR using primers R1 and R2 in a primary mix (PCR1) and primers TB1 and TB2 in a subsequent nested reaction (PCR2) (Fig. 1) . PCR1 amplified fragments of the same size from all bacterial DNAs tested, as expected (primers R1 and R2 are generic and will amplifiy rDNA fragments from most bacterial species [Fig. 1a] ). However, PCR2 amplified only a band of approximately 150 bp in MTG, M. tuberculosis subsp. H37Rv (virulent type strain), M. tuberculosis H37 Ra (avirulent strain), M. bovis BCG (vaccine strain), and M. microti (vole bacillus) (Fig. 1b) . Under less stringent annealing conditions (less than 70°C), PCR2 weakly amplifies fragments of similar size in strains of M. marinum (data not shown); however, under the stringent PCR conditions used (annealing temperature of 72°C), PCR2 is MTG specific.
To establish the efficacy of the nested MTG-specific PCR test on bacterial crDNAs, 50-ng aliquots of E. coli or M. tuberculosis total RNAs were reverse transcribed as described below, and PCR1 and PCR2 were carried out using 10 fg of E. coli DNA as control (Fig. 2) . Gel electrophoresis showed a band for PCR 1 (Fig. 2a) in all samples as expected (in sample 2, due to trace amounts of contaminating DNA) but a band of the appropriate size for PCR2 only in the M. tuberculosis RNA sample (Fig. 2b) . Southern blotting using 32 P-labeled, gel-purified M. tuberculosis PCR2 product confirmed these observations. Use of specific nested RT-PCR for detection of MTG in M. tuberculosis-infected mouse tissues. PCR1 and PCR2 were conducted on joint and control mouse tissues recovered from either chronically or acutely infected BALB/c mice and controls (Fig. 3) . Seven of the mouse tissues from the M. tuberculosis chronically infected mice and control mouse 1 were positive for bacteria using PCR1 (Fig. 3a) . Two of these tissues from infected mice were additionally positive for MTG using specific nested PCR2 (Fig. 3b) ; these were both wrist joints (tissues 3a and 7a). These results indicate that M. tuberculosis administered intravenously at low dose can traffic to the joints of infected BALB/c mice and can be detected using MTGspecific nested RT-PCR. Interestingly, the results also suggest some low-grade non-M. tuberculosis infection in the remaining PCR1 positive joints; these were again all wrist joints.
In acutely infected animals, tissues from all control and test animals (with the exception of tissue 8e, hip joint from control mouse 8), were positive for bacteria using PCR1 (8c, 9d, 10a, 11c, and 13b were weakly positive). All tissues from the M. tuberculosis-infected mice (except 11c) were additionally positive for MTG using PCR2, while the control tissues were not. The control mice in both groups showed some signs of laboratory-derived bacterial infection and pneumonitis, which would perhaps explain the positive signal obtained in tissues from these mice using PCR1.
Thus, M. tuberculosis given intravenously at low and high doses appears to traffic to body tissues in addition to those which show clear evidence of disease pathology, e.g., lung and spleen (data not shown). However, all chronically and acutely infected animals with evidence of MTG in joint tissue showed no overt signs of joint inflammation. Parallel joints taken from chronically infected animals showed no evidence of pathology associated with M. tuberculosis infection, such as granuloma formation, or any gross histopathological evidence of joint damage; some infected joints showed evidence of minor damage to the cartilage surface compared with control joints (Fig.  4) . Thus, despite the presence of live organisms in a number of mouse joint tissues in this animal model, there appear to be no overt signs of pathology associated with M. tuberculosis infection, joint inflammation, or arthritis.
Detection of MTG in human arthritis tissue from patient cohorts 1 and 2 by Specific, Nested RT-PCR. Synovial tissue RNAs of patients from cohorts 1 and 2 were reverse transcribed and subjected to analysis for bacteria and the presence of MTG using PCR1 and PCR2 (Fig. 5 and 6 and Table 7 ). PCR1 showed the presence of bacterial rRNA in many of the joint tissues of patients in both study groups (complete analysis of the bacterial species present in the joints of patients from cohort 1 has been published in detail elsewhere [28] ).
Initial early analyses using PCR2 to detect the presence of MTG in the tissue of cohort 1 patients revealed evidence of these organisms in the joints of four of nine RA patients (44.4%) and one of seven OA patients (14.3%), with none in the UA or control subjects ( Fig. 5b and Table 7 ). This result suggested a more specific association of MTG with RA inflammatory arthritis compared with the other groups, particularly the OA group. However, due to the small sample size of patients in each of the study groups, the significance of the results could not be fully ascertained. PCR1 and PCR2 were therefore reapplied to tissue RNAs from a larger study group, cohort 2. The results showed the presence of MTG sequences in a number of patient tissues (Fig. 6b and Table 7 ), including 12 of 17 RA samples (70.6%), 8 of 17 OA specimens (47%), and one each of suspected septic arthritis and psoriatic arthritis controls. These results suggest no specific association of MTG sequences with late-stage RA, although their prevalence in this patient group appears to be higher. This could be due merely to the greater degree of chronic inflammation found in these patients, leading to a general increased trafficking of bacteria, perhaps carried to this area by immune cells continuously recruited to the site of inflammation.
Detection of MTG in synovial tissue from early RA and ReA patients. It has been shown previously by our group that laterstage RA and OA tissues are colonized by a variety of bacteria and the joint tissues usually contain a number of different species (28) . MTG could be merely a part of this general FIG. 1. Results of PCR1 using 5 fg of bacterial genomic DNA as template (a) and MTG-specific nested PCR 2 using 1 l of PCR1 product as template (b) .
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bacterial milieu, most likely opportunistically colonizing tissue which is already diseased and compromised. Therefore, to look for any association of MTG with early RA, we applied MTGspecific PCR1 and PCR2 to a third cohort of tissues from patients with early-stage RA and ReA (Fig. 7) . The PCR signal generated with primers R1 and R2 were rather weak, and the products show evidence of prior nucleic acid degradation. Upon cloning and sequencing, these products were found to be bacterial in origin (data not shown), although of short length. However, this does not appear to obviate their utility as template for nested PCR2, where a clear signal was generated in a small number of patient samples. Two of six (33.3%) of the early RA and only one of six (16.67%) of the early ReA patients were found to have MTG sequences in their synovium ( Fig. 7b and Table 7 ); this implied no specific association of MTG with early RA. In addition, only a small proportion of early RA patients showed evidence of MTG in their synovium, perhaps also suggesting no etiopathological link of this group of organisms with disease.
DISCUSSION
The results presented in this study demonstrate that PCR1 and PCR2 are able to differentiate MTG from closely related bacteria. This nested-PCR test can be used for detection of MTG in mouse tissues and also in human synovial tissue from patients with a variety of arthropathies. In the acute and chronic BALB/c mouse model of infection, MTG sequences could be detected in tissues which show clear signs of pathology, e.g., lung and spleen, but were also found in joint tissue, indicating trafficking of these organisms to peripheral tissues. The presence of MTG in the joint did not appear to be associated with signs of pathology associated with M. tuberculosis infection, inflammation, or overt symptoms of arthritis; however, some minor cartilage damage was observed. These observations would imply that joint tissue infection with live M. tuberculosis does not lead to RA-like inflammatory arthritis in this animal model. This result was not unexpected, as no evidence of M. tuberculosis-associated joint pathology has been found in BALB/c mice, despite years of investigation using this mouse strain as the host for this infectious organism. To our knowledge, this is the first report of trafficking of live MTG to mouse joint tissues.
As this study revealed no signs of joint disease in the animals analyzed, it does not support MTG as etiological agents in inflammatory joint disease in this model. However, the BALB/c mouse may be an inappropriate strain for these types of studies, as its genetic background may not confer any susceptibility to RA-like inflammatory arthritis. In certain rodent strains such as the Lewis rat, arthritis can be elicited by immunization with heat-killed M. bovis BCG emulsified in oil (Freund's complete adjuvant) (7). However, this phenomenon is clearly dependent on the specific genetic configuration of the model animal, as disease cannot be initiated by such means in the closely related Fisher (F344) strain. Freund's complete adjuvant is also commonly used in a number of other animal models of arthritis (47, 61) , without which the antigen challenge used to elicit joint inflammation is less effective. Therefore, mycobacteria have strong immunopotentiating properties and in a susceptible host could contribute to immune dysregulation. In susceptible animals and in humans genetically predisposed to inflammatory joint disease, a combination of factors could contribute to disease onset by way of a complex interplay between infectious agent and host resulting in joint inflammation. For future studies, it would be of interest to repeat these challenge experiments in susceptible rodent strains or transgenic for factors conferring susceptibility to RA such as HLA-DR4.
MTG sequences were found in the synovial tissue of some
Results of PCR1 (a) and PCR2 (b) on whole bacterial RNAs lanes: 1, 10 fg of E. coli DNA; 2, 50 ng of E. coli total RNA, no reverse transcription; 3, 50 ng of E. coli RNA reverse transcribed to cDNA; 4, 50 ng of M. tuberculosis total RNA, reverse transcribed to cDNA. Amplification products from PCR1 and PCR2 were visualized on a 2.0% agarose gel, transferred to nylon membranes using standard techniques, and then hybridized with 32 P-labeled MTG-specific PCR2 amplification product using M. tuberculosis genomic DNA as template. Table 2 individuals in all groups studied with the exception of patients with UA and healthy controls. The prevalence in late-stage RA synovium was found to be higher than for the other disease groups, but this may be due in part to the generally higher degree of inflammation seen in these patients. However, the observation that MTG are not specifically associated with the RA group, despite our initial encouraging observations for cohort 1, argues against a simple etiopathological role of these organisms in late-stage RA. In addition, MTG were not found in all early RA patient samples, although these results may be influenced by the small size of the biopsy material taken from these patients, which may have contributed to sampling errors. Even taking this fact into consideration, the relative abundance of MTG in these tissues would have to be extremely low to be overlooked. Overall, its seems unlikely that these organisms play a central role in the onset or progression of inflammatory arthritis, although they may contribute to ongoing inflammatory processes and chronicity, alongside other species in the general bacterial colonization of synovial tissue. The observation that the RA group seem to be positive for MTG at a higher frequency may also perhaps be explained by the fact that RA patients are more susceptible to bacterial infection in general (57) . In addition, they may also be more susceptible to mycobacterial infection, as evidenced by case reports of RA patient infection with mycobacterial species which are usually weakly pathogenic for humans (13, 17, 32) and those which are pathogenic to humans, such as M. tuberculosis (28) .
M. tuberculosis is known to cause a number of types of arthritis in human hosts, including septic arthritis and a form of sterile ReA (Poncet's disease), although these are relatively rare and the occurence of arthritic manifestations in patients with pulmonary tuberculosis is generally low (14) . This again suggests that in the absence of other contributory factors, M. tuberculosis infection does not usually contribute to onset of inflammatory arthritis. However, workers using antimycobacterial therapies in the treatment of RA (9, 46) have obtained intriguing results, perhaps suggesting from our studies that elimination of colonizing bacteria can lead to amelioration of symptoms in some individuals. However, whether these effects are due to the anti-inflammatory properties of the antimycobacterials used, or a function of bacterial clearance remains unknown (28) . Recognition of mycobacterial antigens by synovial T cells and antibody cross-reactivity between mycobacterial antigens and human proteins including cartilage components has also been observed in RA patient synovial fluid and blood (2, 12, 13, 23, 33, 45, 52, 54, 59) . However, it is a subject of some controversy as to whether responses to common bacterial antigens, e.g. heat shock protein 65, are specific to the mycobacterial homologues or are part of a more generalized immune reactivity to such proteins by memory cells recruited to inflammatory lesions (21, 51) . However, there is some evidence that HLA-DR4, one of the susceptibility factors in RA, may confer increase responsiveness to mycobacterial antigens (44, 45) , and as discussed previously mycobacteria and their antigens appear to have more potent adjuvant properties than those from other bacterial species. These could contribute to local inflammatory effects on specific cell types in bone and joint infections. Mycobacterial heat shock protein 10 has been found to stimulate bone resorption in a bone explant model, which is proposed to be a contributary factor in degenerative M. tuberculosis infection of the spine (Potts disease) (40) . Immunization with the same antigen can modulate adjuvant arthritis in the rat model, suggesting some central role for this antigen in adjuvant arthritis (49) . Other mycobacterial antigens can also stimulate RA patient-derived mononuclear cells to cartilage proteoglycan depletion (67) . These observations again suggest that mycobacterial antigens have strong immunopotentiating properties, which in an appropriate tissue setting and subject to predisposing conditions could elicit strong reactivity from resident or infiltrating inflammatory cells. Whether such mechanisms are at play in RA remains a topic for future study. Table 3 for tissue details). (a) PCR1; (b) MTG-specific PCR2; (c) Southern blot analysis of PCR2 amplification products probed with 32 P-labeled MTG-specific PCR2 amplification product using M. tuberculosis genomic DNA as template.
FIG. 6.
Result of PCR1 and PCR2 on reverse-transcribed synovial RNAs from cohort 2 patients (see Table 4 for tissue details). (a) PCR1; (b) MTG-specific PCR2; (c) Southern blot analysis of PCR2 amplification products probed with 32 P-labeled MTG-specific PCR2 amplification product using M. tuberculosis genomic DNA as template.
Overall, the results presented here provide evidence of a previously unsuspected presence of MTG in inflamed synovial tissue irrespective of cause. As this test cannot differentiate between different members of the MTG complex because their rRNA sequences are 99.9% conserved (29) , these observations most likely reflect persistence of M. bovis BCG. Most of these these individuals are highly likely to have received BCG vaccination, and it is unlikely that these results are due to infection with virulent M. tuberculosis; however, recrudescence of previous M. tuberculosis infection cannot be excluded. Whatever the origin of these MTG sequences, the organisms are likely to have been carried to the site of disease by inflammatory cells, as is probably likely with the many other organisms found in these diseased tissues (28) . M. bovis BCG is known to persist in vaccinated individuals for long periods of time, as has been suggested from emerging case reports on individuals with human immunodeficiency virus who after progression to AIDS succumb to recrudescent M. bovis BCG infection some considerable time after receiving vaccination (4, 8, 53, 60, 64) .
If latent organisms are present in patients with inflammatory arthropathies, it is also likely that immunosuppressive therapies used in the control of inflammatory joint disease could lead to reactivation and reemergence of these bacilli. However, they may be unconnected to disease pathology, and their presence may be incidental. Persistence and colonization of joint tissues could also be contributed to by deficiencies in host immune surveillance mechanisms leading to impaired bacterial clearance. This hypothesis is supported by previous observations that patients with RA often exhibit signs of impairment of inflammatory cell function. These defects are particularly found in cells associated with bacterial killing, e.g., professional phagocytes and T cells (1, 17, 26, 30, 43, 58, 65) , and may be associated with cytokine hyperstimulation as a consequence of the chronic inflammatory nature of the disease (10, 11) . RA patients also show defects in mucosal integrity (42) , which could lead to increased bacterial trafficking from other body sites already heavily colonized by commensal organisms. Whether these factors could combine to promote accumulation of opportunistic bacterial colonizers in diseased tissue from either resident or environmental sources is unclear. However, these observations may contribute to our understanding of the complex mechanisms at work in the pathology of inflammatory arthritis and may also influence our strategy approaches to patient therapy. Future strategies could employ antibacterial treatment in conjunction with conventional therapies, which if their combined effects prove beneficial may provide clues as to the role of these colonizing bacteria in disease pathology. 
